Abstract. Understanding the molecular mechanisms underlying human adipose-derived stem cell (hASC) differentiation to smooth muscle may contribute to the development of effective therapies for relevant muscle defects, such as bladder wall and urethral defects. A previous study described the differentiation of hASCs to smooth muscle cells (SMCs) by transforming growth factor-β1 (TGF-β1) and bone morphogenetic protein-4 (BMP4) treatment. The present study investigated whether microRNA-145 (miR-145) may be involved in the process of hASC differentiation. The expression of miR-145 was significantly increased during differentiation of ASCs to SMCs. SMC-specific genes and proteins, including a-smooth muscle actin (α-SMA), smooth muscle protein-22α(SM22α), calponin and myosin heavy chain (SM-MHC) were upregulated by transfection of a miR-145 mimic. By contrast, these factors were downregulated following introduction of antisense oligonucleotides. In addition, Krüppel-like factor 4 (KLF4) levels, which decreased during the differentiation of hASCs, were downregulated when the cells were transfected miR-145 mimics. Futhermore, inhibition of KLF4 by treatment with short-interfering-RNA against KLF4, resulted in increased expression of SMC-specific genes and proteins. In conclusion, the results of the present study demonstrated that by regulating KLF4, miR-145 may be involved in regulating smooth muscle differentiation of ASCs induced by TGF-β1 and BMP4.
Introduction
Smooth muscle is a major component of human tissues and is essential for the normal function of many organs, including the intestines, urinary tract and vascular system (1) . Smooth muscle tissue defects or damage caused by congenital or acquired abnormalities may result in severe dysfunctions. Tissue engineering and regenerative medicine may be used to repair these defects using seed cells and biomaterials, including smooth muscle cells (SMCs) (2) , bone marrow stem cells (3) and adipose-derived stem cells (ASCs) (4) . However, mature differentiated SMCs demonstrate a limited ability to proliferate, and usually lose their contractile phenotype and convert to a synthetic phenotype during in vitro expansion (5) . Therefore, further investigation into alternative cell sources for blood vessel engineering is required, as a large number of functional cell types are usually involved in this process (6) .
Adipose tissue consists of an abundance of mesenchymal stem cells (MSCs, known as ASCs), with faster growth and higher proliferative capacities when compared with MSCs from other sources (7) . In addition, the multipotency of ASCs is independent of the age of the donor (8, 9) . ASCs demonstrate the potential to differentiate into osteocytes (10) , neural cells (11) and muscular cells (12) .
ASCs express smooth muscle-specific contractile proteins when stimulated by transforming growth factor-β1 (TGF-β1) and bone morphogenetic protein-4 (BMP4), and the differentiated cells exhibit levels of contractility similar to that of SMCs (13) . TGF-β1 and BMP4 are potent inducers of genes
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involved in contractility (14) . Transcription of contractile genes is positively regulated by a regulatory DNA element known as the CArG box (15) . The CArG box is activated by binding of the serum response factor (SRF) together with its coactivators myocardin (MYOCD) and myocardin-related transcription factors (MRTFs) (16) (17) (18) . Krüppel-like factor 4 (KLF4) inhibits activation of the CArG box (19) . These observations suggest that modulation of KLF4 may be a prerequisite for the induction of contractile genes by TGF-b1 and BMP4 (20) . MicroRNAs (miRNAs) are a group of post-transcriptional regulators that serve a major role in a number of diverse functions, including cell proliferation, apoptosis and organogenesis (21) . In addition, miRNAs are regulators of the differentiation, self-renewal and division of stem cells (22, 23) . Previous studies have identified an important role of miR-145 in mechanisms of smooth muscle differentiation and function, including the direct and indirect effects of miRNA-145 on MYOCD expression (24, 25) , angiotensin signaling (26) and actin polymerization (27) . Cheng et al (25) demonstrated that overexpression of miR-145 increased the expression of vascular smooth muscle cell (VSMC) differentiation marker genes, including smooth muscle α-actin, calponin and smooth muscle-myosin heavy chain (SM-MHC). The levels of these marker genes were decreased in cultured VSMCs following treatment with a miR-145 inhibitor. In addition to regulating VSMC differentiation markers, miR-145 alone was able to maintain the differentiated spindle-like shape and inhibit VSMC proliferation.
The present study investigated human ASCs treated with TGF-β1 and BMP4 following transfection with miR-145 mimics or antisense oligonucleotides. Expression alterations in smooth muscle contractile proteins and their associated genes were examined to investigate the effects of miR-145. Short-interfering RNA (si-RNA) targeting KLF4 was used to mimic the differentiation of ASCs to SMCs by TGF-β1 and BMP4. This aimed to further clarify the role of miR-145 in the differentiation process.
Material and methods

Isolation and culture of human ASCs (hASCs).
Fresh human lipoaspirate fractions were obtained from 12 donors who had received abdominal liposuction (4 male, 8 female; age, 25-52 years; weight, 82-97 kg). The donors were admitted by the Research Ethical Committee of The First Affiliated Hospital of Xinjiang Medical University (Urumqi, China) and were admitted to the same hospital in 2013. All donors had provided written informed consent for the use of their samples in the present study. The study was approved by the Research Ethical Committee of The First Affiliated Hospital of Xinjiang Medical University (Urumqi, China). Fresh lipoaspirate fractions were washed with phosphate-buffered saline (PBS) and treated with 0.075% type I collagenase (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) under shaking (120 rpm) at 37˚C for 60 min. The enzyme activity was neutralized with low-glucose Dulbecco's Modified Eagle's Medium (LG-DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS; Hylone; GE Healthcare Life Sciences, Logan, UT, USA). The digested lipoaspirate samples were then centrifuged at 1,200 x g for 10 min at 20℃ to obtain the high density stromal vesicular fraction, which was filtered through a 50 µm nylon mesh to remove undigested tissue, and subsequently centrifuged at 1,000 x g for 10 min at 20˚C. The supernatant was discarded and the pellet was resuspended in LG-DMEM supplemented with 10% FBS, 100 U/ml penicillin (Sigma-Aldrich; Merck Millipore) and 100 mg/ml penicillin/streptomycin (Sigma-Aldrich; Merck Millipore). The cells were seeded in 100-mm culture dishes at a density of 4x10 4 cells/cm 2 and the medium was refreshed twice each week. When cells reached 70-80% confluence, they were passaged and cells from passage 3 to 5 were used for the purposes of this study. The ability of hASCs to differentiate into osteogenic, adipogenic and chondrogenic lineages was examined as previously reported (8) .
Induction of SMC differentiation. The hASCs were induced to differentiate into SMCs using TGF-β1 and BMP4 (R&D Systems, Inc., Minneapolis, MN, USA) following serum starvation. The differentiation medium consisted of 5 ng/ml TGF-β1, 2.5 ng/ml BMP4 and 1% FBS. The media was refreshed every 2 days. Cell characterization and functional evaluation was performed following 7 days of culture.
miRNA mimic and antisense oligonucleotide transfection. The miRNA mimics, antisense oligonucleotides and negative control were synthesized by Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The miR-145 and anti-miR-145 oligonucleotides were designed according to the miRBase sequence database (mirbase.org) (28) . The sequence of the miR-145 mimic was 5'-GUC CAG UUU UCC CAG GAA UCC CU-3'; and the anti-miR-145 sequence was 5'-AGG GAU UCC UGG GAA AAC UGG AC-3'. A random sequence was used as the negative control: 5'-CGG CGG TTG AGA TGA AGC ACT G-3'.
The ASCs were seeded onto a 24-well culture plate at a density of 1x10 5 cells/cm 2 at 24 h prior to transfection. Cells were transfected when cells reached 80% confluency. The miR-145 mimics, miR-145 inhibitor and negative controls were diluted using 30 µl 1X riboFECT ™ CP Buffer (Guangzhou RiboBio Co., Ltd.) and incubated at room temperature for 5 min. A total of 3 µl riboFECT ™ CP Reagent (Guangzhou RiboBio Co., Ltd.) was added and incubated at room temperature for 15 min. riboFECT ™ CP mixture (Guangzhou RiboBio Co., Ltd.) was added to 465.75 µl serum-free, cell culture medium without penicillin/streptomycin. All cells were cultured for 6 h with above conditions. Culture medium was then changed to growth medium (DMEM with 10% FBS without penicillin/streptomycin). Cells were harvested 48 h following transfection and were then analyzed.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
For RT-qPCR analysis, RNA was extracted using TRIzol Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions, and cDNA was synthesized using PrimeScript ™ RT Master Mix (Takara Bio, Inc., Otsu, Japan). A total of 1 µl total RNA was reverse transcribed into cDNA. The 5X PrimerScript master mix (Takara Bio, Inc.) was used to reverse transcribe RNA. The reactions were performed and monitored in a Biometra T3 thermocycler (Biometra GmbH, Göttingen, Germany). qPCR was performed using a 7500 Fast Real Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) with thermocycling parameters consisting of 94˚C for 3 min, followed by 40 cycles of 94˚C for 15 sec and 60˚C for 40 sec, according to the manufacturer's protocol. SYBR Premix Ex Taq (Takara Bio, Inc.) was used in each reaction. The PCR primers were as follows: a-smooth muscle actin (α-SMA), forward, 5'-GGT GAT GGT GGG AAT GGG-3' and reverse, 5'-GCA GGG TGG GAT GCT CTT-3'; smooth muscle protein-22α (SM22α), forward, 5'-AAC AGC CTG TAC CCT GAT GG-3' and reverse, 5'-CGG TAG TGC CCA TCA TTC TT-3'; Calponin, forward, 5'-ATG TCC TCT GCT CAC TTC A-3' and reverse, 5'-TTT CCG CTC CTG CTT CTC T-3'; SM-MHC, forward, 5'-TGC TTT CGC TCG TCT TCC-3' and reverse, 5'-CGG CAA CTC GTG TCC AAC-3'; KLF4, forward, 5'-CCC AAT TAC CCA TCC TTC CT-3' and reverse, 5'-CGT CCC AGT CAC AGT GGT AA-3'; miR-145, forward, 5'-CGG CGG TGT CCA GTT TTC CCA GGA-3' and reverse, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA GGG AT-3'. β-actin forward, 5'-ATC ATG TTT GAG ACC TTC AA-3' and reverse, 5'-CAT CTC TTG CTC GAA GTC CA-3'; U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'. All experiments were performed in triplicate. The relative expression of target mRNA was normalized to the expression of β-actin. The expression level of miR-145 was normalized to U6 and the fold-change was calculated using the 2 -∆∆Cq method of relative quantification (29) .
Western blotting. Cells were harvested and lysed in radioimmunoprecipitation buffer with added protease and phosphatase inhibitors (Roche Diagnostics, Indianapolis, IN, USA). The protein concentration was determined using the bicinchoninic acid method (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Total protein (~20-50 µg) was separated using a 10% SDS-PAGE gel, before it was transferred to polyvinylidene difluoride membranes. Membranes were blocked in Tris-buffered saline containing 0.05% Tween-20 (Sigma-Aldrich; Merck Millipore) and 5% skim milk, and then incubated with the following primary antibodies from Abcam (Cambridge, UK): Rabbit polyclonal to SMA (cat. no, ab5694; dilution, 1:1,000), rabbit polyclonal anti-SM22α (cat. no, ab14106; dilution, 1:1,000), rabbit monoclonal anti-calponin (cat. no, ab46794; dilution, 1:20,000) rabbit polyclonal to SM-MHC (cat. no, ab53219; dilution, 1:1,000), rabbit monoclonal anti-KLF4 (cat. no, ab151733; dilution, 1:1,000) and GAPDH (cat. no, ab181603; dilution, 1:2,000). Membranes were then washed with Tris-HCl with Tween-20 (TBST; Sigma Aldrich; Merck-Millipore), incubated with the secondary antibody (horseradish peroxidase-conjugated goat anti-rabbit antibody, dilution, 1:2,000; AP307P; EMD Millipore, Billerica, MA, USA) at room temperature for 2 h and detected using enhanced chemiluminescence (Bio-Rad Laboratories, Inc.). GAPDH was used as an internal loading control.
RNA interference. As a negative control, a non-targeting scrambled siRNA (Shanghai Usen Biotechnology, Shanghai, China) was used. The sequence of the KLF4 siRNA was 5'-GGACGGCUGUGGAUGGAAATT-3' (Shanghai Usen Biotechnology). The hASCs were seeded into 24-well plates at density of 1x10 5 cells/cm 2 and transfected with 100 pmol/well siRNA using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's instructions. The medium was refreshed following 6 h transfection, and the cells were harvested 48 h following transfection for total RNA and protein isolation.
Immunofluorescence staining. Immunofluorescence was performed on methanol-fixed cells (density, 1x10 5 cells/cm 2 ; 4% methanol) using the following primary antibodies purchased from Abcam: Rabbit polyclonal anti-α-SMA (dilution, 1:100; cat. no. ab5694), rabbit polyclonal anti-SM22α (dilution, 1:250; cat. no. ab14106), rabbit monoclonal anti-calponin (dilution, 1:150; cat. no. ab46794) and rabbit polyclonal anti-SM-MHC (dilution, 1:50; cat. no. ab53219). Following incubation with primary antibodies for 60 min at room temperature, the cells were washed with PBS three times. The Alexa Fluor 594-conjugated donkey anti-rabbit secondary antibody (dilution, 1:5,000; cat. no. R37119; Thermo Fisher Scientific, Inc.) was used to detect the localization of anti-α-SMA, anti-SM22α, anti-calponin and anti-SM-MHC antibodies. Cell nuclei were stained with DAPI. The images were visualized using a confocal laser scanning platform microscope (TCS SP8; Leica Microsystems GmbH, Wetzlar, Germany).
Luciferase reporter assay. The wild-type 3'-untranslated (UTR) regions of KLF-4 (nt=549-1988) and corresponding mutations were amplified using PCR, followed by cloning into a pLVX report vector (Thermo Fisher Scientific, Inc.). Statistical analysis. Data are expressed as mean ± standard deviation from at least three independent experiments. Statistical analysis was performed using Student's t-test using SPSS software (version, 17.0; SPSS Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
hASCs differentiate into SMCs when treated with TGF-β1 and BMP4.
In preliminary experiments, hASCs were successfully induced into SMCs. The hASCs exhibited a fine, elongated, fibroblast-like morphology when subcultured in normal medium. Cells at passages 3-5 stimulated by TGF-β1 and BMP4 for 7 days demonstrated a spindle-like morphology and proliferated at fluctuating rates (data not shown). To confirm whether hASCs differentiated into SMCs when treated with TGF-β1 and BMP4, mRNA levels of smooth muscle-specific contractile proteins α-SMA, SM22α, calponin and SM-MHC were detected by RT-qPCR analysis. The mRNA levels of these markers were significantly increased 7 days following differentiation (α-SMA, P= 0.032; SM22α, P=0.041; calponin, P=0.018; SM-MHC, P=0.027) (Fig. 1A and B) . To investigate the role of miR-145 in SMC differentiation, miR-145 expression levels were detected by RT-qPCR on day 0, 1, 3, 5 and 7 following differentiation. The expression of miR-145 significantly increased at day 3, 5 and 7 following induction of differentiation with TGF-β1 and BMP4 (3 d, P=0.019; 5 d, P=0.011; 7 d, P=0.002; Fig. 1C ).
Overexpression of miR-145 levels in hASCs undergoing smooth muscle cell differentiation.
For functional evaluation of miR-145, hASCs were transfected with miR-145 mimics, their counterpart inhibitor (miR-control), anti-miR-145 or a negative control (anti-NC). Quantification of miR-145 expression levels by RT-qPCR analysis demonstrated that intracellular miR-145 levels in hASCs transfected with miR-145 mimics was ~9,000-fold higher when compared with cells transfected with the negative control (P=0.0001) ( Fig. 2A) . In addition, hASCs transfected with anti-miR-145 exhibited a ~10-fold lower level of miR-145 expression when compared with cells transfected with the control (P=0.029) ( Fig. 2A) . Following transfection, hASCs were cultured in medium supplemented with TGF-β1 and BMP4 for seven days following starvation. The markers of SMCs were analyzed by RT-qPCR analysis. The mRNA levels of these markers were significantly increased following transfection with miR-145 mimic (α-SMA, P= 0.0072; SM22α, P= 0.031; calponin, P= 0.038; SM-MHC, P= 0.0007; Fig. 2B ), whereas they were significantly decreased by anti-miR-145 treatment (α-SMA, P= 0.0081; SM22α, P= 0.036; calponin, P= 0.015; SM-MHC, P= 0.035; Fig. 2C ), when compared with negative controls. In addition, the results demonstrated that smooth muscle-specific protein expression levels were significantly increased following transfection of miR-145 mimics (α-SMA, P= 0.024; SM22α, P= 0.345; calponin, P= 0.029; SM-MHC, P= 0.022), but were significantly decreased by anti-miR-145 (α-SMA, P= 0.039; SM22α, P= 0.040; calponin, P= 0.026; SM-MHC, P= 0.011; Fig. 2D ), when compared with the negative controls. The results suggest that miR-145 may function as a positive regulator of smooth muscle differentiation in hASCs.
miR-145 targets KLF4.
In order to understand the molecular mechanisms underlying miR-145-mediated regulation of SMC differentiation, potential targets of miR-145 that are implicated in SMC differentiation were identified, using miRNA target prediction algorithms, TargetScan and PicTar (30) . The results demonstrated that MYOCD KlF-5, fascin, calcium/calmodulin kinase II-δ and adducin-3 are the predicted targets of miR-145. Among the predicted targets, KLF4 was identified as serving an established role in smooth muscle cell differentiation (20) . Therefore, the expression level of KLF4 in SMC differentiation was examined in the present study. The results demonstrated that the mRNA level of KLF4 significantly decreased during treatment with TGF-β1 and BMP4 at 5 (P=0.028) and 7 (P=0.016) days (Fig. 3A) , which contrasted that of miR-145 expression (Fig. 1C) . This suggests that miR-145 may suppress KLF4 expression during SMC differentiation. To verify that KLF4 is a functional target of miR-145, the wild-type 3'-UTR of KLF-4 (KLF4-3'-UTR-Wt) was cloned into a reporter plasmid. Co-transfection of the miR-145 mimic and KLF4-3'-UTR-Wt strongly decreased luciferase activity (P=0.033), whereas co-transfection of miR-control with KLF4-3'-UTR-Wt did not alter the luciferase activity (Fig. 3B) . These results suggest that miR-145 inhibited the 3'-UTR of KLF4. A KLF4 luciferase reporter construct containing a predicted miR-145 binding site was mutated (KLF4-3'-UTR-Mut) to determine whether miR-145 targets KLF4 directly through the predicted binding site. This binding site is located at position 278-284 of the KLF4 3' UTR (14) Co-transfection of the miR-145 mimic and KLF4-3'-UTR-Mut did not alter the luciferase activity (Fig. 3B) .
To investigate whether miR-145 may be able to downregulate KLF4 expression, the mRNA and protein levels were detected after hASCs were transfected with miR-145 mimics and inhibitors using RT-qPCR and western blotting analyses, respectively. The results indicated that the mRNA level of KLF4 was significantly decreased by miR-145 overexpression (P=0.029), whereas it was significantly increased by anti-miR-145 transfection (P=0.044), when compared with cells transfected with negative controls (Fig. 3C) . In addition, the protein expression level of KLF4 was significantly higher in cells transfected with anti-miR-145 (P=0.017) and significantly lower in cells overexpressing miR-145 compared with the controls (P=0.031) (Fig. 3D ). These results demonstrate that miR-145 may downregulate KLF4 in hASCs treated with TGF-β1 and BMP4.
KLF4 demonstrates negative effect on the smooth muscle differentiation of hASCs.
To examine the role of KLF4 in the control of contractile gene expression, siRNA was used to knockdown KLF4 expression, thus mimicking the effect of miR-145 expression during induction by TGF-β1 and BMP4. KLF4 protein expression was downregulated by 90% and mRNA expression was downregulated by 40%, following transfection with KLF4 siRNA (si-KLF4) in hASCs ( Fig. 4A  and B) . Under these conditions, the levels of contractile proteins, α-SMA, SM22α, calponin and SM-MHC were elevated, as determined by western blot analysis (α-SMA, P= 0.039; SM22α, P= 0.152; calponin, P= 0.018; SM-MHC, P= 0.035; Fig. 4C ) and immunofluorescence staining (Fig. 4D) , indicating that endogenous KLF4 constitutively represses the expression of contractile genes. These results provide further evidence of the inhibitory role of KLF4 in the induction of contractile genes by TGF-β1 and BMP4. * P<0.05 and ** P<0.01 vs. control or as indicated. miR-145, microRNA-145; hASCs, human adipose-derived stem cells; anti-NC, negative control of anti-miR-145; TGF-β1, transforming growth factor-β1; BMP4, bone morphogenetic protein 4; α-SMA, α-smooth muscle actin; SM22α, smooth muscle protein-22α; SM-MHC, smooth muscle-myosin heavy chain.
Discussion
SMCs exhibit a spectrum of phenotypes, ranging from the more differentiated 'contractile' state, in which high levels of SMC differentiation markers are expressed, to the less differentiated 'synthetic' state, in which SMC markers are downregulated (15, 31, 32) . Alterations in SMC differentiation states serve a major role in a number of cardiovascular diseases such as atherosclerosis, restenosis, hypertension and aneurysm (33) . Therefore, an improved understanding of the molecular mechanisms that control SMC differentiation of ASCs is critical for enabling the development of novel strategies to prevent and treat these diseases.
miRNAs are small noncoding RNAs that regulate gene and protein expression by interacting with the 3'-UTR of the target mRNA sequences. This interaction results in mRNA degradation and/or inhibition or activation of protein translation (34) . A number of miRNAs serve integral roles in smooth muscle development and contractile differentiation. The aim of the present study was to clarify the role of miRNAs in the SMC differentiation of hASCs. The results demonstrated that miR-145 promoted smooth muscle differentiation of hASCs. Firstly, ASCs were induced to differentiate to SMCs using TGF-b1 and BMP4, according to a previous study (13) . The expression of smooth muscle contractile proteins and genes were increased following this induction. These results confirmed that ASCs successfully differentiated into SMCs. In addition to smooth muscle contractile proteins and genes, miR-145 expression was similarly upregulated during this process. ASCs were transfected with miR-145 mimics, antisense oligonucleotides and negative controls to investigate the effect of miR-145 on SMC differentiation of ASCs. The results indicated that miR-145 promotes smooth muscle contractile protein expression, while ASCs transfected with anti-miR-145 demonstrated the opposite effect. These findings are in accordance with earlier reports (20, 24, 35) .
To investigate the molecular mechanisms by which miR-145 regulates the smooth muscle differentiation of ASCs, potential target genes of miR-145 were investigated. One gene, KLF4, was hypothesized to be a target of miR-145 using miRNA target prediction software. miR-145 has a target site in the 3'-UTR of KLF4 (20) . Previous studies have demonstrated that KLF4 is involved in smooth muscle differentiation (36, 37) .
In addition, miR-145 overexpression downregulated KLF4 at the protein and mRNA level, whereas functional inhibition of miR-145 by anti-miR-145 led to increased expression of KLF4. This suggested that miR-145 regulates KLF4 during smooth muscle differentiation. To examine the role of KLF4 in the control of contractile gene expression, siRNA was used to knockdown KLF4 expression, thus mimicking the effect of miR-145. Under these conditions, the expression levels of contractile proteins were dramatically elevated. This result was in accordance with previous reports (38) (39) (40) and indicated a negative effect of KLF4 on smooth muscle differentiation. KLF4 is a potent negative regulator of contractile genes, which functions through different mechanisms, including suppressing the transcriptional activation of the CArG box by SRF, MYOCD or MRTFs (19) . In the current study, the functional significance of KLF4 downregulation by miR-145 during TGF-β1 and BMP4-mediated induction of smooth muscle differentiation was investigated. The results established that basal expression of contractile genes increased following the siRNA-mediated knockdown of KLF4. By contrast, it was previously reported that, in rat aortic SMCs (rAoSMCs) (41) and mouse mesenchymal C3H10T1/2 cells (8), TGF-β1 and BMP4 induced KLF4 expression at the same time points. Primary rAoSMCs treated with TGF-β1 or BMP4 did not upregulate miR-145, and no repression of KLF4 was observed. Thus, the induction of miR-145 by TGF-β1 and BMP4, and the subsequent suppression of KLF4, may be specific to human SMCs (20) .
The present study aimed to predict additional targets of miR-145 alongside KLF4. The analysis demonstrated that miR-145 targets a wide range of factors, including MYOCD KlF-5, fascin, calcium/calmodulin kinase II-δ and adducin-3. It could therefore be suggested that attenuation of the expression of these proteins may promote differentiation and repress the proliferation of SMCs. These targets are involved in a number of smooth muscle differentiation processes (24) , and provide an example of how one miRNA may regulate several related or unrelated cellular processes. In addition to miR-145, miR-21, miR-221, miR-222 and miR-143 have established roles in VSMC differentiation. miR-21 promotes VSMC differentiation by negatively regulating the expression of programmed cell death protein 4 (42), whereas miR-221 and miR-222 promote VSMC proliferation by targeting the negative regulators of the cell cycle, p27 and p57 (43, 44) . miR-143 and miR-145-encoding genes are highly conserved, and are positioned in close proximity on mouse chromosome 18 and human chromosome 5 (24) . Recently, miR-143 and miR-145, which are encoded as a gene cluster, were observed to target KLF4 and serve a critical role in regulation of the VSMC phenotype (24, 25, 27) . miR-143 or miR-145 VSMC gene knockout mice exhibited abnormal vascular tone and reduced contractile gene expression (24) .
In conclusion, the current study demonstrated that miR-145 is a promoter of smooth muscle differentiation of hASCs induced by TGF-β1 and BMP4. miR-145 targets the KLF4 gene, whose protein may function as a potent negative regulator of contractile gene expression. Overexpression of miR-145 suppressed KLF4 and promoted smooth muscle contractility induced by stem cells. There are additional mechanisms of smooth muscle differentiation, which will require further investigation. Further understanding of the molecular mechanisms would facilitate the treatment or prevention of smooth muscle-associated diseases.
